A photochemical reaction between intravenous rose bengal and xenon light was used to induce a selective thrombus in the rat anterior inferior cerebellar artery (AICA). Compound action potentials (CAPs) were recorded by electrocochleography and cochlear blood flow (CBF) was monitored by laser Doppler flowmetry. Photothrombotic occlusion of the AICA caused inner ear ischemia to various degrees with or without alterations of the CAP. With use of this model we investigated the critical range of the CBF for preserving cochlear function, represented by the CAPs induced with 8 kHz half-wave of sinusoid at 100 dB SPL. Results then showed that a CBF range between 26.7% and 42.9% of baseline was somewhat critical for maintenance of cochlear function in an acute phase of ischemia. Pretreatment with heparin significantly delayed thrombotic occlusion of the AICA in a dose-dependent manner. Further use of our model for inner ear ischemia may be useful for studying pathophysiology and pharmacological therapy of cochlear disturbances subsequent to circulatory disorders.
Introduction
Circulatory disorders of the inner ear are thought to directly or indirectly cause sensorineural hearing loss [1, 3] . An appropriate animal model [4, 10, 11] would thus allow research on the pathophysiology and effective therapy of circulatory induced sensorineural hearing loss. In our previous papers [5, 11] , we described a model of hearing and equilibrium disturbance caused by photochemically induced thrombosis (PIT) with rose bengal (RB) in the inner ear's microcirculation using
Correspondence to: Y. Asai the rat as an animal model. In this study, we applied the PIT technique selectively to the central portion of the anterior inferior cerebellar artery (AICA), branching off the labyrinthine artery and established a new model for hearing disorder due to inner ear ischemia. In so doing, we examined the potential of this model for the pharmacological evaluation of the effects of anti-thrombotic agents on thrombotic ischemia of the vertebrobasilar system and the inner ear. We also investigated the critical range of cochlear blood flow (CBF) for cochlear function, as represented by the compound action potentials (CAPs).
Materials and methods
Animal preparation. Figure 1 shows a schematic illustration of the experimental preparation used in the present study. Sixty-two adult male Wistar rats weighing 240-260 g were used. All rats were confirmed to have normal Preyer's reflexes before the experiments. Animals were anesthetized with pentobarbital sodium (50 mg/kg i.p.). A catheter was placed in the femoral vein for drug or RB administration. Another catheter was inserted into the femoral artery and connected to a pressure transducer (Nihon-Kohden, MPU-05, RP-5) for monitoring systemic blood pressure and pulse rate. After tracheotomy, animals were ventilated artificially with a respirator (Harvard 683, USA). Body temperature was maintained at 37°C with a heating pad (American Pharmseal Company, K-module Model K-20, USA). The left tympanic bulla and the skull base then approached ventrally through resection of the larynx, pharynx and the longus capitis muscles. Under an operating microscope, bone was drilled away to expose the lateral bony wall of the left cochlea or proximal portion of the ipsilaterat AICA without damaging the ossicles or the dura mater. For recording electrocochleograms, an active electrode was placed on the round window membrane and an indifferent electrode was placed in the ipsilateral cervical muscles. A laser-Doppler probe (ALF2100 Advance, Japan, diameter; lmm) was positioned via a micromanipulator on the lateral bony wall of the basal turn of the cochlea after overlying mucosa was removed with cotton pledgets. The CAPs to an 8kHz half wave of sinusoid sound at 100 dB SPL were averaged 128 times on a signal processor (Nihon-Kohden, ATAC-350, Japan). The sound stimuli produced by an audible signal controller (Dana Japan, DA502-ARM, Japan) were delivered through an earphone using an interstimulus interval of 75 ms and for a duration of 0.2ms. CAP recordings were made at l-rain intervals after injection of RB and repeated during an acute phase (about a 10-min period following complete blockade of the AICA). The CBF and systemic blood pressure were recorded continuously on a pen recorder (NEC Sanei, Japan).
Photochernically induced AICA occlusion. RB solution (20 mg/kg;
Wako, Osaka, Japan) was injected intravenously at the rate of 1 ml/kg per 10 s while the AICA segment proximal to the vessel's bifurcation was illuminated selectively with 1 mm Q focused green light supplied by a 3 mm 0 convex lens-headed optic fiber, which was connected to a 75 W xenon lamp (L-3306-01A; Hamamatsu Photonics, Hamamatsu, Japan). This lamp had a heat-absorbing filter and a green filter (containing a 54-nm-wide band centered at 540 nm). The head of the fiber was placed 15 mm away from the surface of the dura mater.
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Experiments with antithrornbotic agents. To evaluate the antithrombotic effect of heparin in six animals, heparin sodium (50 or 300 units/kg; Nobo-Industry, Denmark) was dissolved in saline and injected intravenously with 1 ml/kg as a total volume 5 rain before RB administration. The time required to completely occlude the AICA as observed with the operating microscope was measured with and without heparin pretreatment. Six control rats were treated with saline alone in the same volume as that used in the heparin-treated groups.
Histopathological study. At the end of the experiments, rats were killed by exsanguination under pentobarbital anesthesia and were perfused transcardially for 1rain with saline followed by 10% formaldehyde solution. Brain stems were removed and embedded in paraffin. Specimens were cut sagitally at 5 gm, and every tenth section was stained with hematoxylin and eosin for light microscopy. Other specimens were fixed with 2.0% glutaraldehye in 0.1 M sodium phosphate buffer for 1 h, and processed for routine scanning electron microscopy (SEM Figure 2 shows the irradiated portion of the left AICA before and after photothrombotic occlusion and a schematic description of the effect produced. The vessel crossing the AICA in the middle of the bony window is Before After 
Results

Production of cerebellar artery thrombosis
Histology
Light microscopy showed formation of a transluminal thrombus in the lumen of the irradiated site of the AICA (Fig. 3 A) . The thrombus consisted mainly of homogeneous materials. SEM combined with an ion beam etching revealed that the lumen seemed to be packed with thrombus (Fig. 3B ). This thrombus consisted mainly of platelets netted with fibrin (Fig. 3C ).
CBF and CAP
Typical tracings of the CBF and CAPs are shown in Fig. 4 . Just after RB injection, the systemic blood pressure . Kruskal-Wallis test P < 0.01. * P < 0.05 vs control; • * P < 0.01 vs control 295 dropped temporarily but recovered immediately. The drop in both systemic blood pressure and pulse rate seemed to be caused by the inhibitory effect of RB on the heart, while the subsequent overshoot was considered to be a normal response of the circulatory system against the abrupt reduction in blood pressure. The photochemically induced thrombus in the irradiated site gradually grew and finally occluded the AICA completely. This series of thrombotic events could be observed under the magnification of an operating microscope. The AICA illustrated in the figure was completely blocked in 4.2min after the RB injection and was followed by an abrupt decrease in CBF to about 30% of its initial level. Figure 5 demonstrates the residual levels of CBF after AICA occlusion in the animals tested as based on CAP preservation. The CAPs (N1 and N2 component) were completely suppressed within an acute phase after occlusion in 19 of the 35 rats studied but did not disappear in the other 16. The N1 component of the CAPs disappeared within i min after the abrupt reduction of CBF in the CAP-suppressed group. This indicated that a range between 26.7% and 42.9% of the baseline CBF was critical for the survival of CAPs during an acute phase after local ischemia. Figure 6 shows the results of treatment with heparin. The time required to completely occlude the AICA was 5.1+0.39min in the control group (n = 6), 11.6 +2.6 min in the 50U/kg heparin-treated group (n = 6) and 19.4 + 6.1 min in the 300 U/kg heparin-treated one (n = 6). Treatment with heparin significantly and dosedependently prolonged the time required for complete thrombotic occlusion of the AICA (P < 0.05).
Heparin effects on vessel thrombosis
Discussion
The etiology and pathophysiology of sudden sensorineural hearing loss is still unknown although certain types of hearing disturbances are considered to be caused by circulatory disorders in the inner ear. A number of studies have now reported the influence of local ischemia on inner ear function and/or structure [4, 6, 9, 10] . However, the critical range of CBF for preserving cochlear function has not been determined previously, since it has been technically difficult to simultaneously monitor both cochlear function and CBF in vivo under experimentally produced local ischemic conditions. In recent years laser Doppler flowmetry has been employed to measure CBF [8] . It has now been demonstrated that there is good correlation between the results obtained with the laser Doppler flowmeter and those obtained with cochlear microsphere techniques [2] . In addition, a new non-invasive technique has been established to selectively occlude targeted vessels by thrombosis formation [7, 11] . These techniques have enabled us to produce local ischemic conditions in the inner ear by occluding the AICA selectively without damaging the dura mater and to simultaneously monitor both blood flow and func-296 tion of the cochlea. Results have now shown that a CBF range between 26.7% and 42.9% of baseline levels is somewhat critical during acute phases of ischemia for preserving cochlear function. In our present study CBF was monitored by placing a laser-Doppler probe on the lateral bony wall of the basal turn of the cochlea. CAPs induced by an 8 kHz half-wave of sinusoid at 100 dB SPL were then monitored as a parameter of cochlear function. Although it was very difficult for us to determine the most appropriate condition and duration of measurement for evaluating survival of cochlear function under acute local ischemia, the resultant CAPs allowed us to determine cochlear responses as a virtual function of acute inner ear pathology. Present findings suggest that a profound sensorineural hearing loss can be caused not only by complete ischemia but also by partial vascular compromise if a remaining CBF remains in a certain range. The limits of this critical range may not be absolute because of possible restrictions by our experiments and may be applicable only for an acute phase of local ischemia as defined in our study. We believe that this occurrence can significantly contribute to understanding the pathophysiology of the cochlea exposed to acute local ischemia. Our pharmacological experiments have shown that our animal model is useful for evaluating the protective effect of antithrombotic agents. Furthermore, this model can allow us to investigate functional reversibility of the cochlea after temporary ischemia by reperfusing the inner ear with thrombolytic agents. In conclusion, our animal model for inner ear ischemia is useful for studying pathophysiology and pharmacological therapy of cochlear disturbances subsequent to circulatory disorders. It is demonstrated that an acute profound deafness due to cochlear ischemia can be caused by incomplete ischemia due to inadequate CBF.
